In the absence of a proper definition based on comprehensive anatomical investigations, the genus Fluviopupa Pilsbry, 1911 has been used for hydrobioid gastropods from several continental regions and oceanic islands in the southwest and south Pacific. The type species F. pupoidea Pilsbry, 1911 was the only hydrobioid gastropod known from Fiji to date. In this paper we provide descriptions of shell, operculum, radula and anatomy of 10 species of Fluviopupa from Fiji including the type species. This and seven other species occur on Viti Levu. The remaining two species were found on Vanua Levu. The high diversity is not surprising considering similar distribution and diversity patterns of spring and stream-dwelling hydrobioid gastropods in other parts of the world. Based on geology, geography and comparative anatomy, we hypothesize that the ancestor of the Fijian taxa was likely a freshwater species sharing a common ancestor with extant taxa in either New Caledonia or New Zealand. The islands of Vanuatu may have served as stepping stones.
INTRODUCTION
In the Pacific area hydrobioid gastropods occur on continental land masses as well as on oceanic islands. The former comprise Australia (including Tasmania; e.g. Ponder, Hershler & Jenkins, 1989; Ponder & Clark, 1990; Ponder et al., 1993) , New Zealand (Climo, 1974 (Climo, , 1977 Haase, unpublished) , New Caledonia (Starmu¨hlner, 1970; Haase & Bouchet, 1998) and Papua New Guinea (van Benthem Jutting, 1963; Bernasconi, 1995; W. Ponder, unpublished observations) . Oceanic islands harbouring hydrobioids include Lord Howe Island (Ponder, 1982) , Norfolk Island (Ponder, 1981) , Vanuatu (Ancey, 1905; Solem, 1959; Starmu¨hlner, 1976) and the Austral Islands (Hubendick, 1952) . (Throughout the paper we do not consider Asia and the west coast of Central and South America.) The genus-name Fluviopupa Pilsbry, 1911 has been used for many of these Pacific taxa. Pilsbry (1911: 549) described the genus for a species from Fiji based on the morphology of shell, operculum and radula and extended the range of the genus across 'Australia and the Melanesian Plateau'. Subsequently, partly also considering penial morphology, species from New Guinea, Lord Howe Island, New Zealand, New Caledonia, the New Hebrides (today Vanuatu) and the Austral Islands were at one stage or another attributed to or suspected to belong to Fluviopupa (Hubendick, 1952; Solem, 1959; van Benthem Jutting, 1963; Starmu¨hlner, 1970; Ponder, 1982) . However, supraspecific classification of hydrobioids requires more comprehensive anatomical investigation, notably of the female genital system (Hershler & Ponder, 1998) , or even genetic data (Wilke et al., 2001) , so that many of these allocations must be considered tentative.
The type species F. pupoidea Pilsbry, 1911 has remained the only species described from Fiji so far (Haynes, 2001) , although Ponder (1982) hinted that there may be more. The specimens reported by Hubendick (1952) under that name clearly do not belong to F. pupoidea as he thought. For identification, he relied on comparisons with the data given by Pilsbry (1911) and Wenz (1938) , who also provided a figure of a specimen deposited in the Senckenberg Museum in Frankfurt/Main, but Hubendick apparently ignored the considerable differences. Neither Hubendick nor Wenz investigated Pilsbry's syntypes, but Wenz's (1938) assumption based on indications on the museum label that the original material had been split and arrived in different museums has turned out to be correct. Ponder (1982) rediscovered the type species and a second, smaller species, but did not describe any new taxa.
A collection of hydrobioid gastropods comprising nine undescribed species made by Philippe Bouchet (PB) during two visits to Viti Levu and Vanua Levu in 1998 and 1999, the second time accompanied by Benoıˆt Dayrat (BD) and Anders Ware´n (AW), gave rise to the present revision of the genus Fluviopupa from Fiji, which also includes Winston F. Ponder's (1982; WFP) material collected in 1979. The aims of this paper are (1) a redescription of the type species F. pupoidea, (2) the descriptions of the new species, (3) a definition of the genus Fluviopupa based on these descriptions, and (4) a discussion of the possible origin of the hydrobioids from Fiji and their possible relationships among Pacific taxa.
MATERIAL AND METHODS
The snails were washed from their substrate (leaf litter, stones, aquatic vegetation) and fixed in about 10% formalin. Figure 1 shows the sampling localities. Shells were measured under a dissecting microscope equipped with a measuring graticule. The total number of whorls was counted to the nearest eighth of a whorl, protoconch whorls in the scanning electron microscope (SEM) to the nearest tenth (see Verduin, 1982) . Measurements of shells from Nandarivatu were taken from the figures published by Hubendick (1952: fig. 1A -C). Prior to anatomical investigations shells were dissolved in 12% hydrochloric acid. Dissected specimens were drawn with a camera lucida. Hard parts (shells, opercula, radulae) were cleaned in 5% sodium hypochlorite for SEM (Jeol JSM 840A Scanning Microscope). The head -feet of males were dried in hexamethyldisilazane in order to investigate tentacles and penes by SEM (Nation, 1983) .
If available, 20 specimens per population were measured and sexed, three females and males dissected, and six opercula and radulae prepared for SEM. The number of specimens investigated is only stated where it deviates from these numbers. Morphometric data and sex ratios are given in Table 1 . This reference is not repeated under each species description. Statistical comparisons were made using the programme PAST 1.27 (Hammer, Harper & Ryan, 2001) . A discriminant analysis based on the shell measurements was run in SYSTAT 10 (Systat Software Inc., Point Richmond, California). Two populations are recognized as different species if shell and anatomical character states suggest that differences are fixed and that they have a genetic basis. Paratypes of new species were only designated from type localities. Populations investigated anatomically in full detail are indicated by Ã . The remaining populations were attributed to their respective species based on shell morphology and genital anatomy. Figures represent type specimens if not stated otherwise. Several characters including protoconch, operculum, radula and details of the digestive system are not shown for each species because they are quite uniform across all species. The new names are connected with traditional music and dance in Fiji, reflecting the first author's interest in music and ethnomusicology.
Most freshwater gastropods belonging to the Rissooidea and their related brackish-water species from around the world were once regarded as a monophyletic group, namely Hydrobiidae or Hydrobioidea (see Wilke et al., 2001) . Based on detailed morphological investigations, Davis (1979) was the first to recognize the polyphyletic origin of the group and coined the term hydrobioid to denote taxa similar, but not necessarily related, to Hydrobia Hartmann, 1821. Since then sequence data have demonstrated deep splits between selected hydrobioid lineages and confirmed the notion of polyphyly (Wilke et al., 2001) . A more comprehensive analysis shows an even more complex picture (Wilke et al., unpublished) . Given the presently unresolved systematic situation at the family level we deliberately avoid using family taxa. Instead, we apply the descriptive term hydrobioid sensu Davis (1979) throughout the paper, for the species from Fiji as well as for other freshwater Rissooidea.
Acronyms of museum collections: AMS, Australian Museum Sydney; ANSP, Academy of Natural Sciences of Philadelphia; MNHN, Muse´um National d'Histoire Naturelle, Paris.
Abbreviations for radular teeth: L, lateral tooth; M1, inner marginal tooth; M2, outer marginal tooth; R, rachidian (central) tooth.
SYSTEMATIC DESCRIPTIONS
Genus Fluviopupa Pilsbry, 1911 Fluviopupa Pilsbry, 1911 Type species: Fluviopupa pupoidea Pilsbry, 1911 (original designation, by monotypy) .
Shell: Light brown or without colour, clear or semitransparent; turriform, conical or pupiform, mostly blunt-conical; protoconch well differentiated from teleoconch, surface with wrinkles gradually becoming finer towards the teleoconch; teleoconch smooth apart from growth lines; umbilicus narrow; aperture simple, without posterior channel, outer lip orthocline.
Operculum: Corneous, yellow, elongate-ellipsoidal, paucispiral, nucleus submarginal, muscle attachment area often with white, non-calcareous smear.
External features: Epidermis usually black, but reductions of pigmentation frequent; eyes pigmented; tentacles without conspicuous pattern of ciliation.
Mantle cavity: Ctenidium well-developed with broadly triangular filaments, abutting directly on pericardium or connected by short vessel; osphradium ovate-elongate, usually behind middle of ctenidium; kidney usually protruding into roof of mantle cavity, renal gland orientated longitudinally; hypobranchial gland only occasionally apparent in dissections.
Digestive system: Radula taenioglossate, central tooth with lateral edges at about 458, U-shaped basal tongue and 3 -5 pairs of basal cusps, innermost largest; lateral tooth with long, parallelsided face and well-developed basal tongue, transition into outer wing ventrally thick but narrow, above this stalk membranous; marginal teeth with numerous pointed denticles, longer on the inner marginal teeth; stomach with fan-shaped caecum; intestine bending backwards around style sac and again forward in front of anterior chamber of stomach; rectum either running 'straight' along pallial genital glands or making angulation in pallial roof.
Female genitalia: Oviparous; ovary lobate or sac-shaped, only occasionally extending to stomach; renal oviduct coiling first 1808 clockwise and then 2708 counter-clockwise, the proximal loop often bent anteriorly or towards albumen gland; one distal receptaculum seminis globular with moderately wide, short duct, lying against left side of middle part of bursa copulatrix; bursa copulatrix behind albumen gland with short duct, pyriform to elongate or large, globular sac; pallial oviduct with ovate cross section; albumen gland to at least two-thirds in pallial roof; capsule gland with two distinct glandular areas; genital opening terminal to subterminal.
Male genitalia: Testis lobate, usually covering proximal chamber of stomach; vas deferens leaving testis ca 0.25 whorls proximal to anterior end initially coiling as vesicula seminalis; vas deferens entering prostate in posterior third; pallial vas deferens leaving prostate in anterior third, becoming a muscular ejaculatory duct when entering the neck; prostate with ovate cross section; penis simple, usually tapering more or less continuously from Remarks: This description is based only on the species from Fiji. Most species attributed to Fluviopupa from other regions in the Pacific, of which at least parts of the genital anatomy were investigated, differ in important details and their generic allocation needs to be confirmed by more comprehensive analyses, eventually including genetic data. The species from Lord Howe Island are the only ones in which the female genital anatomy was investigated (Ponder, 1982) . These and the species from the Austral Islands have blunt or terminally lobate penes (Hubendick, 1952; Ponder, 1982) , a state present only in one Fijian species, F. mekewesi sp. nov. The presence of the fan-shaped caecum needs to be confirmed in the non-Fijian species. The membranous part in the neck region of the radular lateral tooth is easily destroyed during preparation, either through dissolution or mechanically, leaving traces of rupture. Without the membrane, the lateral tooth looks like that in New Zealand (Haase, unpublished) and New Caledonian (Haase & Bouchet, 1998) taxa, probably indicating common ancestry. In those species, a membrane has not been observed, but in the light of the present findings it cannot be excluded that it is in fact present, just too thin to survive radula preparation. The membrane seems to be lacking also in species from Lord Howe Island (Ponder, 1982: fig. 17 ) and the Australian genus Westrapyrgus Ponder, Clark & Miller, 1999 (Ponder, Clark & Miller, 1999 fig. 4C ). A close relationship of Fluviopupa to the New Zealand radiation is also suggested by the presence of the fan-shaped caecum and the opercular smear (Haase, unpublished) . Fluviopupa pupoidea Pilsbry, 1911 (Figures 2A, 3A, 9, 10A, 11A) Fluviopupa pupoidea Mousson, in Pilsbry, 1911 : 549. Wenz, 1938 : 127, fig. 1. Hubendick, 1952 Type material: Lectotype (designated here) ANSP 72111, paralectotypes ANSP 72110 (5), 412707 (7).
Type locality: Fiji (ANSP label: Viti Islands). Shell (Figs 2A, 3A) : Brown, ovoid or slender-conical, about 1.8 times higher than wide, whorls moderately convex; protoconch comprising 0.9 -1 whorls; aperture ovate-pyriform, higher than wide, slightly angled posteriorly.
Operculum: White smear on attachment area well developed and crescent shaped or reduced to few spots.
External features: Epidermis largely black except area covering pallial genital glands and parts facing columella.
Mantle cavity (n ¼ 2): Ctenidium with 25 filaments, abutting directly on pericardium; osphradium behind middle of ctenidium, reaching a third of the length of the ctenidium; kidney only slightly extending into pallial roof; hypobranchial gland small and thin.
Digestive system: Radular formula: R: 4 -5 1 4 -5/3-4 3-4, L: 5-6 1 5 -6, M1: 25 -28, M2: 33 -35; rectum close to pallial genital glands in both sexes; fan-shaped caecum well developed.
Female genitalia ( Fig. 9 ): Ovary without lobes, starting 1.5 whorls below apex and comprising up to 1.125 whorls; proximal loop of renal oviduct bent towards albumen gland; bursa copulatrix large, pyriform, duct entering ventrally or slightly above ventral edge; albumen gland about three-quarters of length of capsule gland, anterior portion of capsule gland milky-white, posterior opaque-white, albumen gland milky-white.
Male genitalia ( Fig. 11A ): Testis starting 1.5 whorls below apex, comprising 2 whorls, overlapping posterior chamber of stomach; penis stout, tapering continuously from broad base, short terminal filament with pointed end.
Habitat and distribution: The only defined locality the species is known from is Mbusa Creek, a swift, stony stream in SW Viti Levu.
Remarks: Fluviopupa pupoidea is the largest hydrobioid known from Fiji. It is also distinct in its ovoid shell shape. The type locality is rather vaguely 'Viti Islands' according to the labels accompanying Pilsbry's syntypes deposited at the Academy of Natural Sciences of Philadelphia. The collector Andrew Garrett not only explored the main islands Viti Levu and Vanua Levu, but also several of the smaller islands belonging to the archipelago (Garrett, 1872a (Garrett, , b, 1873 (Garrett, , 1887a . However, assuming
that F. pupoidea has a similarly restricted distribution as the majority of hydrobioid gastropods inhabiting springs and small creeks (e.g. Radoman, 1983; Hershler, 1985; Haase, 1996; Haase & Bouchet, 1998; Ponder & Colgan, 2002; Liu, Hershler & Clift, 2003) , the vague indication of the locality can most likely be narrowed down to SW Viti Levu through the finding of the material we attribute to this species in Mbusa Creek. The syntypes are much larger than the material from Nandarivatu investigated and ascribed to F. pupoidea by Hubendick (1952) with the ranges for shell heights not even overlapping. In addition, the aperture is clearly higher than wide in the syntypes, while the difference of aperture height and width in the Nandarivatu shells is negligible. Hubendick's material rather resembles F. daunivucu sp. nov. from Nandele described below. Etymology: Vakamalolo, Fijian, used as noun in apposition, is a sitting dance. The name reflects the restricted vagility of most hydrobioids. Shell (Figs 2B, 3B, C): White or occasionally very light brown, regularly conical, only about 1.7 times higher than wide, whorls convex; protoconch comprising 0.9 -1.1 whorls; aperture broadly pyriform, only slightly higher than wide, without posterior angle.
Operculum: Without smear.
External features: Epidermis largely without pigment, only distal mantle and upper parts of the visceral sac may be dark.
Mantle cavity: Ctenidium with 15 -20 filaments, abutting directly on pericardium; osphradium largely behind middle of ctenidium, reaching a third of the length of the ctenidium; kidney occasionally extending into pallial roof; hypobranchial gland not apparent in dissections.
Digestive system ( Figs 6A, B, 7A , B, 8A): Radular formula: R: 5 -6 1 5-6/4 4, L: 6 -7 1 6 -7, M1: 26 -34, M2: 26 -41; fan-shaped caecum small; rectum close to pallial oviduct in females, in males making an angulation. Male genitalia (Fig. 11B, C) : Testis starting 1 whorl below apex, comprising 1 whorl, overlapping posterior chamber of stomach; vesicula seminalis leaving testis 0.125 -0.25 whorls proximal to anterior end; penis, tapering continuously from relatively broad base to pointed end or forming a short terminal filament.
Habitat and distribution: Only known from the type locality.
Remarks: The small, regular conical shell shape is unique among the Fijian species of Fluviopupa. The only other species of comparable size is the almost cylindrical F. mekewesi sp. nov. described below, which also has a white shell [sh/sw (Table 1) , t-test: t 38 ¼ 18.573, P , 0.001)]. In addition, F. mekewesi sp. nov. has a much smaller and pyriform bursa colupatrix and a blunt penis. The radular teeth of F. vakamalolo sp. nov., especially both marginal teeth, have surprisingly many denticles considering the small size of the species. Etymology: Dau ni vucu, Fijian, used as noun in apposition, may best be translated as music master. He is responsible for composing, versing, choreographing and teaching customary chants and dances.
Shell (Figs 2C, 3D , E): Light brown, ovate-conical or slenderpupiform, about 1.9 times higher than wide, whorls moderately convex; protoconch comprising 1 whorl; aperture D-shaped, only slightly higher than wide, slightly angled posteriorly.
Operculum: Usually with white, crescent-shaped smear covering large parts of attachment area.
External features: Epidermis largely black, except area covering pallial genital glands and parts facing columella.
Mantle cavity: Ctenidium with 14 -18 filaments, abutting directly on pericardium; osphradium behind middle of ctenidium, longer than third of length of ctenidium; kidney not extending into pallial roof; hypobranchial gland not apparent in dissections.
Digestive system (Fig. 6C ): Radular formula: R: 2-4 1 2-4/3-4 3-4, L: 4-5 1 4-5, M1: 18-23, M2: 25-32; fan-shaped caecum well developed; rectum close to pallial genital glands in both sexes.
Female genitalia (Fig. 10E-G) : Ovary with wide lobes, starting 1.25 whorls below apex and comprising 0.25 -0.625 whorls, reaching the posterior end of fan-shaped caecum; proximal loop of renal oviduct bent towards albumen gland; bursa copulatrix short-pyriform, duct entering ventrally or slightly above ventral edge; capsule gland slightly longer than albumen gland, anterior portion of capsule gland milky-white, posterior one opaque-white, albumen gland milky-white. Male genitalia (Fig. 11D ): Testis starting 0.5 -1 whorl below apex, comprising 0.75 -1.125 whorls, overlapping posterior chamber of stomach; vesicula seminalis leaving testis 0.125 whorls proximal to anterior end; penis stout, tapering continuously, with pointed end.
Remarks: Fluviopupa daunivucu sp. nov. is slightly wider than F. mekeniyaqona sp. nov. described below [sh/sw (Table 1) , t-test: t 38 ¼ -2.634, P ¼ 0.012]. The angle made by the columellar axis and the parietal wall of the aperture is much larger in F. daunivucu sp. nov., its kidney does not extend into the roof of the mantle cavity, and it has a stouter penis in contrast to the latter species. Fluviopupa daunivucu sp. nov. has less convex whorls than F. seasea sp. nov. described below and a relatively larger aperture than both F. mekeniyaqona sp. nov. and F. seasea sp. nov. [sw/aw (Table 1) , ANOVA: F 2,57 ¼ 93.04, P , 0.001; Tukey's pairwise posthoc comparisons: P , 0.003 in all cases]. The specimens from Nandarivatu investigated by Hubendick (1952) , who ascribed them to the type species, as well as a sample of dry shells housed at the AMS (C.442666) collected close to Nandarivatu are very similar in shell size and shape to the new species here described. The penis drawn by Hubendick (1952: fig. 2 Fig. 1 ). According to the villagers, the spring at the type locality of F. daunivucu sp. nov. cannot be used for drinking water because of its mineral content.
Fluviopupa mekeniyaqona sp. nov. (Figures 2D, 3F Shell (Figs 2D, 3F, G) : Light brown, ovate-conical, about twice as high as wide, whorls moderately convex; protoconch comprising 0.9 -1 whorl; aperture ovate-pyriform, only slightly higher than wide, without posterior angle.
External features: Epidermal pigmentation largely reduced, traces of black pigment on head.
Mantle cavity: Ctenidium with 15 -17 filaments, abutting directly on pericardium; position of osphradium variable, in or behind middle of ctenidium, reaching up to third of length of ctenidium; kidney extending into pallial roof; hypobranchial gland not apparent in dissections.
Digestive system (Figs 6D, 7C ): Radular formula: R: 4 -5 1 4 -5/4 4, L: 4 -6 1 4 -5, M1: 22 -24, M2: 24 -28; fan-shaped caecum short, not very much protruding from stomach; rectum close to pallial genital glands in both sexes.
Female genitalia (Fig. 10H, I) : Ovary a sac, starting 1 -1.5 whorls below apex and comprising 0.25 whorls, reaching the posterior end of fan-shaped caecum; proximal loop of renal oviduct mostly bent towards albumen gland; bursa copulatrix shortpyriform, duct entering ventrally or slightly above ventral edge; albumen gland about three-quarters of length of capsule gland, anterior portion of capsule gland milky-white, posterior one opaque-white, albumen gland milky-white.
Male genitalia (Fig. 11E) : Testis starting 0.75 -1 whorl below apex, comprising 1 whorl, reaching or slightly overlapping posterior chamber of stomach; vesicula seminalis leaving testis 0.25 whorls proximal to anterior end; penis slender, tapering continuously, with pointed end.
Habitat and distribution: In springs and streams around Laselevu.
Remarks: F. mekeniyaqona sp. nov. has less convex whorls and a relatively larger aperture than F. seasea sp. nov. described below. For this and the delimitation of F. mekeniyaqona sp. nov. from F. daunivucu sp. nov. see Remarks under the latter species. Fluviopupa lalinimeke sp. nov. is differentiated from F. mekeniyaqona sp nov. in the Remarks on the species from Vanua Levu below.
Fluviopupa mekewesi sp. nov. (Figures 2E, 3H, I, 4A Etymology: Meke wesi, Fijian, used as noun in apposition, is a spear dance. The name has been inspired by the slender shape. Shell (Figs 2E, 3H, I, 4A, B) : Without colour, slender-conical or turriform, 2.2 times higher than wide, whorls moderately convex; protoconch comprising 0.9 whorls; aperture ovate-pyriform, only slightly higher than wide, without posterior angle.
External features: No epidermal pigmentation.
Mantle cavity: Ctenidium with 12 -14 filaments, connected with pericardium by short vessel; osphradium in middle of ctenidium, reaching up to third of length of ctenidium; kidney extending into pallial roof; hypobranchial gland not apparent in dissections.
Digestive system (Fig. 6E ): Radular formula: R: 4-6 1 4 -6/3-4 3 -4, L: 5 -6 1 5 -6, M1: 20 -22, M2: 18 -24; fan-shaped caecum well developed; rectum close to pallial genital glands in both sexes.
Female genitalia (Fig. 10J, K) : Ovary a sac, starting 0.75 -1.25 whorls below apex and comprising 0.25 whorls, not reaching fan-shaped caecum; proximal loop of renal oviduct bent towards albumen gland and slightly pointing anterior; bursa copulatrix short-pyriform, duct entering ventrally or slightly above ventral edge; albumen and capsule glands about equally long, anterior portion of capsule gland milky-white, posterior one initially pale-yellow merging into opaque-white, albumen gland milky-white.
Male genitalia (Fig. 11F-H) : Testis lobate, starting 0.75-1 whorl below apex, comprising up to 0.5 whorls, occasionally reaching fan-shaped caecum; vesicula seminalis leaving testis 0.3 whorls proximal to anterior end; penis huge, slender, tapering continuously, but with blunt end, left lappet forming small papilla with terminal genital opening.
Habitat and distribution: only known from the springs near Laselevu and Toga.
Remarks: F. mekewesi sp. nov. is the smallest and most slender species of the genus known so far and is the only species from Fiji with a blunt penis. This character state is shared with species belonging to Hemistomia Crosse, 1872 from New Caledonia (Haase & Bouchet, 1998) , and most Fluviopupa species from the Austral Islands (Haase, Gargominy & Fontaine, in press ). Whether the two specimens from Toga really belong to F. mekewesi sp. nov. is uncertain considering the geographical distance to the type locality. However, morphologically they are indistinguishable from the types and therefore somewhat tentatively allocated to this species.
Fluviopupa derua sp. nov. (Figures 2F, 3J, K, 4C, D, 6F Shell (Figs 2F, 3J, K, 4C, D) : Light brown, slender-conical, 1.9 times higher than wide, whorls hardly convex; protoconch comprising 0.9 -1.1 whorls; aperture ovate-pyriform, only slightly higher than wide, without posterior angle.
Operculum: Very thin, without smear.
External features: Epidermis black except lower half of visceral coils and areas covering pallial genital glands as well as those facing towards columella.
Mantle cavity: Ctenidium with 18 -23 filaments abutting directly on pericardium; osphradium largely behind middle of ctenidium, reaching up to third of length of ctenidium, occasionally half as long as ctenidium; kidney occasionally extending into pallial roof; hypobranchial gland not apparent in dissections.
Digestive system (6F, G): Radular formula: R: 5 -6 1 5 -6/3-4 3-4, L: 6 -7 1 5 -6, M1: 26 -30, M2: 27 -34; fan-shaped caecum small; rectum close to pallial oviduct in females, making shallow angulation in males.
Female genitalia (10L, M): Ovary lobate, starting 1.25 -1.5 whorls below apex and comprising 0.3 -0.75 whorls, overlapping posterior chamber of stomach; proximal loop of renal oviduct slightly bent towards albumen gland; bursa copulatrix pyriform, duct entering slightly above ventral edge; albumen gland slightly longer and more massive than capsule gland, anterior portion of capsule gland white, posterior one initially brownish fading into pale-yellow towards proximal end, albumen gland milky-white.
Male genitalia (11I, J): Testis lobate, starting 0.75 -1 whorl below apex comprising 1 -1.25 whorls, overlapping posterior chamber of stomach; vesicula seminalis leaving testis 0.125 -0.25 whorls proximal to anterior end; penis tapering continuously to pointed end.
Habitat and distribution: In springs and seepages of the karst at Wailotua.
Remarks:
The very slender spire with relatively flat whorls distinguishes F. derua sp. nov. from F. daunivucu sp. nov., F. mekeniyaqona sp. nov., and F. lalinimeke sp. nov. None of these taxa have a small fan-shaped caecum, nor does their ovary overlap the stomach. Only F. mekeniyaqona sp. nov. lacks an opercular smear like F. derua sp. nov. Etymology: Iri ni meke, Fijian, used as noun in apposition, is an ornamental fan used in certain dances. The name is reminiscent of the fan-shaped caecum of the stomach. Shell (Figs 2G, 3L, M) : Light brown, slender-conical, 1.9 times higher than wide, whorls moderately convex; protoconch comprising 1 -1.1 whorls; aperture ovate-pyriform, only slightly higher than wide, slightly angled posteriorly.
Operculum: White circular to elongate smear in centre of external edge of attachment area.
External features: Epidermis black except areas covering pallial genital glands and facing towards columella.
Mantle cavity: Ctenidium with 20 -24 filaments abutting directly on pericardium; osphradium largely behind middle of ctenidium, reaching up to third of length of ctenidium; kidney occasionally extending into pallial roof; hypobranchial gland reaching up to 7th gill filament.
Digestive system (Fig. 6H ): Radular formula: R: 4 -5 1 4 -5/3-4 3 -4, L: 4 -6 1 5 -6, M1: 21 -26, M2: 27 -37; fan-shaped caecum small; rectum close to pallial genital glands in both sexes.
Female genitalia ( Fig. 10N -P) : Ovary lobate, starting 1.125-1.5 whorls below apex and comprising 0.375 -0.875 whorls, reaching posterior edge of stomach; proximal loop of renal oviduct slightly bent towards albumen gland; bursa copulatrix large, pyriform to globular, duct entering slightly above ventral edge; albumen and capsule glands about equally long, anterior portion of capsule gland white, posterior one initially pale-yellow fading into white towards proximal end, albumen gland milky-white.
Male genitalia (Fig. 11K ): Testis lobate, starting 0.625 -1.125 whorls below apex, comprising 1.125 -1.25 whorls, overlapping posterior chamber of stomach; vesicula seminalis leaving testis 0.25 whorls proximal to anterior end; penis slender, tapering continuously to pointed end.
Habitat and distribution: In springs and creeks in the upper Sigatoka drainage area.
Remarks: Fluviopupa irinimeke sp. nov. is most similar to F. lali sp. nov. described below. Fluviopupa lali sp. nov. is smaller and wider than the former and has less whorls [sh, sh/sw, w (Table 1) , t-tests: t 38 ¼ 5.016, 7.424, -40.107, respectively; P , 0.001 in all cases]. In addition, its aperture is higher relative to shell hight compared to F. irinimeke sp. nov., which in turn has a relatively wider aperture relative to shell width [sh/ah, sw/aw (Table 1) , t-tests: t 38 ¼ 3.981, -6.295, respectively; P , 0.001 in both cases]. The bursa copulatrix of F. irinimeke sp. nov. is larger and the penis more slender than in F. lali sp. nov.
Fluviopupa seasea sp. nov. (Figures 2H, 3N, O, 5A, B, 7D, 8B, 10Q , R, 11L)
Type material: Holotype MNHN 4275, paratypes MNHN 4276 Ã (.100), AMS 205312 (10).
Type locality: Springs on limestone near the village of Qauia, 20 m asl, Viti Levu, Fiji, 18806.2 0 S, 178824.1 0 E (PB, AW, 15.03.1999) .
Etymology: Seasea, Fijian, used as noun in apposition, is a fan dance. The name is reminiscent of the fan-shaped caecum of the stomach.
Shell (Figs 2H, 3N, O) : Very light brown, conical, about 1.75 times as high as wide, whorls convex; protoconch comprising 0.9-1 whorl; aperture ovate, only slightly higher than wide, without posterior angle.
Operculum (Fig. 5A, B) : Very light and iridescent, slightly concave resulting in raised nucleus, white smear on attachment area a small elongate spot close to the nucleus.
External features: Epidermis entirely black except tentacles, area covering pallial genital glands and areas facing columella, or reduced leaving only traces of black pigment on head and upper visceral sack.
Mantle cavity: Ctenidium with 16 -20 filaments, abutting directly on pericardium; osphradium in middle of ctenidium, reaching less than third of length of ctenidium; kidney extending into pallial roof; hypobranchial gland not apparent in dissections.
Digestive system (Figs 7D, 8B): Radular formula: R: 3 -4 1 3 -4/ 3 3, L: 4 1 4 -5, M1: 22-24, M2: 27 -32; fan-shaped caecum well developed; rectum closer to pallial oviduct in females than to prostate in males.
Female genitalia (Fig. 10Q, R) : Ovary with wide lobes, starting 1-1.5 whorls below apex and comprising 0.5-0.625 whorls, overlapping fan-shaped caecum and occasionally reaching posterior edge of stomach; proximal loop of renal oviduct bent towards albumen gland; receptaculum seminis close to anterior edge of bursa copulatrix; bursa copulatrix short-pyriform, duct entering ventrally or slightly above ventral edge; albumen and capsule gland about equally long, anterior portion of capsule gland milky-white, posterior one opaque-yellowish, albumen gland milky-white.
Male genitalia (Fig. 11L ): Testis starting 0.5-1.5 whorls below apex, comprising 1 -1.125 whorls, overlapping posterior chamber of stomach; vesicula seminalis leaving testis 0.25 whorls proximal to anterior end; penis tapering continuously, with pointed end.
Remarks: Fluviopupa seasea sp. nov. is most similar to F. daunivucu sp. nov. and F. mekeniyaqona sp. nov. and is compared with those in the Remarks under F. daunivucu sp. nov. Etymology: Lali ni meke, Fijian, used as noun in apposition, is a small slit drum made of a log. It is used to accompany chanting and dance.
Shell (Figs 2I, 3P, Q) : Light brown, conical, 1.85 times higher than wide, whorls convex; protoconch comprising 0.9 -1 whorls; aperture ovate, only somewhat higher than wide, without posterior angle.
Operculum: White smear very variable in size and shape, often disintegrated into two or three spots in the centre of the external edge of the attachment area.
External features: Mantle black except for areas over pallial genital glands and lower half of visceral coils as well as areas facing columella. This pattern may vary in intensity.
Mantle cavity: Ctenidium with 17 -21 filaments, abutting directly on pericardium or occasionally short vessel connecting gill and heart; osphradium entirely behind middle of ctenidium, reaching up to a quarter of the length of the ctenidium; kidney extending into pallial roof; hypobranchial gland not apparent in dissections.
Digestive system (Fig. 6I ): Radular formula: R: 4 -5 1 4 -5/3 3, L: 4 -6 1 5 -6, M1: 23 -26, M2: 26 -30; fan-shaped caecum well developed; rectum close to pallial genital glands in both sexes.
Female genitalia (Fig. 10S, T) : Ovary lobate, starting 1.125 -1.5 whorls below apex and comprising 0.5 whorls, eventually reaching fan-shaped caecum; proximal loop of renal oviduct bent towards albumen gland; bursa copulatrix pyriform, duct entering above ventral edge; anterior portion of capsule gland light yellow, posterior one initially brownish fading into opaquewhite towards proximal end, albumen gland milky-white.
Male genitalia (Fig. 11M ): Testis lobate, starting 1 -1.25 whorls below apex, comprising 1-1.25 whorls, overlapping posterior chamber of stomach; vesicula seminalis leaving testis 0.125 -0.25 whorls proximal to anterior end; penis relatively slender tapering continuously from broad base, tip pointed.
In shape and size F. lalinimeke sp. nov. is comparable to F. mekeniyaqona sp. nov. These species differ in coloration of the glands of the pallial oviduct. Furthermore, F. lalinimeke sp. nov. has an opercular smear and the fan-shaped caecum is well developed in contrast to its congener from Viti Levu. The only other species from Vanua Levu, F. lali sp. nov., is much larger [sh (Table 1) , ttest: t 38 ¼ -3.3925, P , 0.002], has a more prominent smear, a smaller bursa copulatrix, and a stouter penis. All three species differ significantly in shell shape. The most slender is F. mekeniyaqona sp. nov. and the widest F. lali sp. nov. [sh/sw (Table 1) , ANOVA: F 2,57 ¼ 43.77, P , 0.001; Tukey's pairwise posthoc comparisons: P , 0.005 in all three cases]. Fluviopupa lali sp. nov. also has the relatively largest aperture while the smallest one is in F. lalinimeke sp. nov. [sh/ah (Table 1) Etymology: Lali, Fijian, used as noun in apposition, is a large slit drum from a log. Shell (Figs 2J, 3R, S): Light brown, conical, 1.7 times higher than wide, whorls moderately convex; protoconch comprising 0.8 -0.9 whorls; aperture ovate-pyriform, somewhat higher than wide, without posterior angle.
Operculum (Fig. 5C, D) : With elongate white, non-calcareous smear along exterior edge of attachment area, but shorter than the latter.
External features: Mantle black except for areas over pallial genital glands and areas not facing exterior.
Mantle cavity: Ctenidium with 17 -19 filaments, abutting directly on pericardium; osphradium behind middle of ctenidium, reaching up to third of length of ctenidium; kidney extending into pallial roof; hypobranchial gland not apparent in dissections.
Digestive system: Radular formula: R: 5 1 5/4 4, L: 5-7 1 5-6, M1: 25 -27, M2: 27 -32; fan-shaped caecum short, protruding not very much from stomach; rectum close to pallial oviduct, distance to prostate more variable.
Female genitalia (Fig. 10U, V) : Ovary lobate, starting 1.25 whorls below apex and comprising 0.75 -1 whorl, slightly overlapping proximal chamber of stomach; proximal loop of renal oviduct bent towards albumen gland; bursa copulatrix short-pyriform, duct entering ventrally; albumen gland slightly longer than capsule gland, anterior portion of capsule gland white, posterior one initially pale-yellow merging into opaque-white towards the proximal end, albumen gland milky-white.
Male genitalia (Fig. 11N, O) : Testis lobate, starting 1.125 -1.25 whorls below apex, comprising 1 -1.125 whorls, overlapping posterior chamber of stomach; vesicula seminalis leaving testis 0.125 -0.25 whorls proximal to anterior end; penis tapering continuously from broad base, tip pointed.
Habitat and distribution: Only known from springs near Waivunia.
Remarks: Fluviopupa lali sp. nov. is most similar to F. irinimeke sp. nov. and they are differentiated in the Remarks under the latter. It is larger than the other known Vanua Levuan taxon F. lalinimeke sp. nov. and is further distinguished in the Remarks under that species.
Comprehensive comparison of shell morphology
A discriminant function analysis was carried out using the shell measurement data from the type localities, including the types of F. pupoidea, but, in the latter case, the Mbusa Creek sample was combined with them after a separate analysis showed that they were not significantly different (Wilks' lambda ¼ 0.495, approximately F 5,20 ¼ 4.085, ns). The discriminant success is summarised in Table 2 , with surprisingly good overall separation (Wilks' lambda ¼ 0.004, approximately F 45,861 ¼ 45.619, P-tail ,0.001) of the taxa considering that several have generally similar shell morphology (Fig. 12) . The lowest success was 80% for F. lali and F. daunivucu. Five individuals (81%) of F. pupoidea were incorrectly classified.
The analysis was rerun including only the most similar taxa, showing good discrimination for most taxa except F. daunivucu and F. irinimeke (both at 80%) and 100% success for F. mekeniyaqona (Wilks' lambda ¼ 0.025, approximately F 25,410 ¼ 28.072, P-tail ,0.001; Fig. 13 , Table 3 ).
DISCUSSION
Considering the diversity and often narrow ranges of freshwater hydrobioids in other parts of the world (e.g. Radoman, 1983; Hershler, 1985; Haase, 1996; Haase & Bouchet, 1998; Ponder & Colgan, 2002; Liu et al., 2003) it is not surprising that our survey increased the number of Fijian species by a factor of 10. Since the fieldwork on which this revision is based has been only a partial survey of the two main islands, especially on Vanua Levu, it can safely be predicted that more species remain to be discovered.
Our anatomical investigations clearly link Fluviopupa from Fiji to Australian, Lord Howe Island, New Zealand and New Caledonian taxa as discussed in the Remarks on the genus description. The fan-shaped caecum and the peculiar lateral tooth morphology have also been found in species from the Austral Islands (Haase et al., in press) . Whether Fluviopupa in the strict sense also occurs outside Fiji is difficult to decide at this stage, because many potential candidates have not been investigated in the necessary detail. Others, such as the species from Lord Howe Island, differ subtly but distinctly in penial morphology, but have very similar female anatomy (Ponder, 1982) . Phylogenetic analyses of New Zealand hydrobioids based on sequence data have shown that subtle anatomical differences indicate clear differentiation at the genus level; one pair of genera could only be distinguished genetically (Haase, unpublished) . While it is likely that the various local radiations of hydrobioids in the Pacific area represent different genus-level Total  20  18  18  26  22  22  20  21  20  19  89 taxa, we refrain from revising the existing classifications until better data (including molecular data) are available. Despite the lack of a phylogenetic analysis of Pacific hydrobioids, it is possible to develop a scenario of the potential origin of the Fijian fauna of hydrobioids. Parts of Fiji including Viti Levu were formed in the Eocene, about 40 Mya, along the subduction zone at the boundary of the Indo-Australian and Pacific plates. Other parts of the archipelago including Vanua Levu are much younger, dating back to only about 7 Mya. Of the oceanic islands and island groups harbouring hydrobioids, only the northern islands of Vanuatu to the west also have an origin in the late Eocene (Kroenke, 1996) . However, no hydrobioids are known from these islands, although thorough surveys have not been conducted. The remaining islands of Vanuatu including those with records of hydrobioids (Solem, 1959) started to emerge about 10 Mya (Kroenke, 1996) . The age of the oldest of the Austral Islands, Rimatara, is estimated to 27 Myr (Bonneville et al., 2002) , but this island does not appear to have an extant hydrobioid fauna (Haase et al., in press) . Rurutu, which does have a record of hydrobioids (Hubendick, 1952; Haase et al., in press) , is 12 Myr old (Bonneville et al., 2002) . Finally, Lord Howe Island and Norfolk Island are not older than 6 and 3 Myr, respectively (McDougall, Embleton & Stone, 1981; Holloway, 1996) . Despite this, Lord Howe Island has an amazingly rich hydrobioid fauna including three genera and 15 described species-group taxa (Ponder, 1982) , with an additional two undescribed species now known (WFP, unpublished data).
The Fijian species of Fluviopupa may either descend from a freshwater ancestor, which arrived by long distance dispersal, or from a local marine or brackish water species. Today, in the Pacific brackish water species are only known from Australia (e.g. Ponder & Clark, 1988; Ponder, Colgan & Clark, 1991) and New Zealand (Climo, 1974; Haase, unpublished) and it has recently been shown that in New Zealand hydrobioid gastropods have invaded freshwater three times independently (Haase, 2005) . A potential, local, marine or brackish water ancestor of the Fijian species of Fluviopupa is unknown and, if it ever existed, may be extinct. Therefore it appears more likely that the ancestor of the Fijian species was a freshwater species that had probably been transported by a bird. The origin of the New Zealand radiation of hydrobioid gastropods dates back at least to the early Miocene (Haase, unpublished) . Assuming that the lack of the membrane in the neck region of the radular lateral tooth as found in the taxa from New Zealand is derived from the more robust condition still present in Fluviopupa, a common ancestor must date even further back. Considering the geological evolution of the Pacific islands outlined above and geographical distances, the most likely origin of Fluviopupa would thus be one of the four former parts of Gondwanaland, Australia, Tasmania, New Zealand or New Caledonia. Of these, Australia and Tasmania are probably the least likely candidates for a direct origin, since New Zealand and New Caledonia would have had to be bypassed. The collision of parts of the 'Eua Ridge, which detached from New Caledonia 41 Mya and collided with Fiji about 6 Mya, may have facilitated the spread of New Caledonian faunal elements to Fiji (Kroenke, 1996) . However, today no hydrobioids are known from the Tonga archipelago, to which remnants of the 'Eua Ridge belong. One of us (PB) has specifically searched for hydrobioids in appropriate habitats on 'Eua in 2000. Vanuatu, on the other hand, could well have served as a stepping stone considering that there are also hydrobioids there today. A detour via the comparatively old Austral Islands appears to be unlikely considering the geographical distances. A Gondwanaland origin of Fijian Fluviopupa would also be in line with the fact that fauna and flora of Fiji in general are dominated by taxa with Australian, New Caledonian and New Zealand affinities, apart from species with Malesian roots (Keast, 1996) .
This hypothesis based on geology, geography and anatomy has to be refined by the addition of data for the anatomically insufficiently described species, especially those from New Caledonia and Vanuatu. A rigorous test of the origin of Fluviopupa on Fiji and the insular hydrobioids of the Pacific in general can only be performed through a comprehensive phylogenetic analysis based on sequence data. 
